MASTER SLICE SEMICONDUCTOR INTEGRATED CIRCUIT 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a master slice 
semiconductor integrated circuit, and in part icular to a master 
slice semiconductor integrated circuit which has a clock tree 
structure formed by a dedicated fixed wiring layer. 

Description of the Related Art ^ 

In general, a logic circuit includes combinational 
circuits which are constituted by gates and the like, and 
sequential circuits such as flip-flops or latches which take 
in a signal in synchronization with an edge or a level of a 
clock signal. Circuit connection of these combinational 
circuits and sequential circuits is different depending upon 
customer specifications. 

Conventionally, in order to efficiently manufacture an 
semiconductor integrated circuit corresponding to the, logic 
circuit of the customer specifications, a wafer for master 
slice, which is processed up to a manufacturing process common 
to customer specifications by regularly arranging a basic cell 
repeatedly in an internal region, is manufactured in advance. 
Then, according to a customer request, in a customized wiring 
process, a gate, a flip-flop, and the like are constituted 
and connected by wirings of a customized wiring layer, which 
is automatically wired on the basis of the customer 
specifications, to manufacture a master slice semiconductor 



integrated circuit for the respective customer 
specifications . 

In this case, naturally, the number of sequential circuits 
and an arrangement thereof in the logic circuit are different 
depending upon the customer specifications. Clock skew, 
which is a delay difference among clock inputs of the respective 
sequential' circuits, occurs due to a distance from a clock 
input terminal to the clock input of the respective sequential 
circuits or a length of a clock wiring. When this clock skew 
reaches or exceeds a predetermined value, some sequential 
circuits start to malfunction, and the logic circuit as a whole 
malfunctions. In particular, in the case in which the 
respective sequential circuits operate on the basis of 
multiphase clock signals, malfunction due to clock skew among 
the multiphase clock signals are more likely to occur. 

In order to avoid the malfunction due to clock skew, 
various clock signal distribution circuits have been used in 
a master slice semiconductor integrated circuit so as to have 
low clock skew. For example, Fig. 1 is an arrangement diagram 
showing an example of arrangement of a clock distribution 
circuit in a chip of a master slice semiconductor integrated 
circuit, (see: JP-A-2003-152082 ) Here, clock wirings in the 
clock distribution circuit are collectively shown as a bus 
wiring . 

This master slice semiconductor integrated circuit 
includes the clock distribution circuit in an internal region 
where cells 3 dedicated for combinational circuits and cells 
2 dedicated for sequential circuits are arranged alternately 



by a unit of column and connected by wirings of a customized 
wiring layer on the basis of customer specifications. This 
clock distribution circuit, considering that, an entire 
internal region is a highest order divided region Al, 
5 " hierarchically divides the internal region into four equally. 
A selector 1, selectors 21 to 24, and selectors 301 to 316, 
which select clock signals and also operate as clock buffers, 
are embedded and arranged in divided regions Al, A21 to A24, 
and A301 to A316 of three hierarchies from the highest order 

10 ' (Al) to the lowest order (A301 to A316) . In addition, output 
■ wirings of these selectors 1, 21 to 24, and '301 to 316 are 
branched in a tree shape by wirings of a fixed wiring layer 
dedicated for a clock wiring in advance. Clock signals CK1 
to CK8 of eight phases of an external input are selectively 

15 distributed to the cells 2 dedicated for sequential circuits 
of the. lowest order divided regions A301 to A316 from four 
directions in the circumference. 

Fig. 2 is a circuit diagram showing an example of the 
clock distribution circuit in this master slice semiconductor 

20 integrated circuit . This clock distribution circuit includes 
twenty-one selectors 1, 21 to 24, and 301 to 316 which are 
connected in a cascade pattern of three stages in a tree shape 
in association with the respective divided regions Al, A21 
to A24, and A301 to A316 of the highest order to lowest order 

25 three hierarchies. 

The selector 1 is in the highest stage and includes eight 
multiplexers which are inputted with clock signals CK1 to'CK8 
^of eight phases from the outside and select one of the clock 



signals . These eight multiplexers are divided into two groups 
each of which consists of four multiplexers. Each group of 
the multiplexers outputs total four phases of clock signals 
to two selectors 21 and 23 or 22 and 24 of the next stage through 
a bus 

The two selectors 21 and 23 include four multiplexers, 
which are inputted with four phases of clock signals divided 
and outputted for each group from the selector 1 of the former 
stage, and select one of the clock signals , respectively. The 
four multiplexers of the selector 21 are divided into two groups 
each of which consists of two multiplexers. Each group of 
the multiplexers outputs total two phases of clock signals 
to the two selectors 301 and 303 or 302 and 304 of the next 
stage through a bus. In addition, the fo ur multiplexers of 
the selector 23 are divided into two groups, each of which 
consists of two multiplexers. Each group of the multiplexers 
outputs total two phases of clock signals to the two selectors 
309 and 311 or 310 and 312 of the next stage through a bus. 

Similarly, the two selectors 22 and 24 include four 
multiplexers, which are inputted with four phases of clock 
signals divided and outputted for each group from the selector 
1 of the former stage, and select, one of the clock signals, 
respectively. The four multiplexers of the selector 22 are 
divided into two groups, each of which consists of two 
multiplexers. Each group of the multiplexers outputs total 
two phases of clock signals to the two selectors 305 and 307 
or 306 and 308 of the next stage through a bus. In addition, 
the four multiplexers of the selector 24 are divided into two 
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groups, each of which consists of two multiplexers . Each group 
of the multiplexers outputs total two phases of clock signals 
to the two selectors 313 and 315 or 314 and 316 of the next 
stage through a bus. 
5 The sixteen selectors 301 to 316 are in the lowest stage. 

The' selectors 301 to 316 include a multiplexer, which is 
inputted with two phases of clock signals divided and outputted 
for each group from the four selectors 21 to 24 of the former 
stage, select one of the clock signals, and output the clock 

10 signal to the cells 2 dedicated for sequential circuits of 
the lowest order divided regions A301 to A316, respectively. 
For example, the two selectors 301 and 303 are inputted with 
two phases of clock signals divided and outputted from the 
selector 21 of the former stage, select one of the clock signals, 

15 and output the clock signal to the cells 2 dedicated for 
sequential circuits of the lowest order divided regions A301 
andA303; respectively. The other selectors 303 to 316 operate 
in the same manner as a group of two, and output a clock signal 
to the cells dedicated for a sequential circuit of the divided 

20 regions A303 to A316 of the lowest order, respectively. 

In addition, all the multiplexers constituting the 
above-described each selector can select one of input clock 
signals on the basis of a control signal . As the control signal, 
a potential of a power supply or the ground is supplied to 

25 the respective multiplexers according to the wirings of the 
customized wiring layer. 

Therefore, the clock distribution circuit in this 
conventional master slice semiconductor integrated circuit 
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can select inputs of clock signals, which are required in the 
respective lower divided regions, in the respective selector 
of each stage connected in a cascade pattern in a tree shape 
in association with the respective divided regions of the 
5 respective hierarchies of the highest to lowest orders. In 
addition, the clock distribution circuit can select an 
arbitrary clock signal from multiphase clock signals on the 
basis of customer specif ications ~and distribute the 'clock 
signal to the cells 2 dedicated for sequential circuits of 

10 the lowest order-. Further, output wirings of the respective 
selectors are branched in an equal load and an equal wiring- 
length in a tree shape according to the wirings of the dedicated 
fixed wiring layer, and the multiphase clock signals are 
distributed at an equal delay from the selectors of the first 

15 stage to the cells 2 dedicated for sequential circuits of the 
respective divided regions of the lowest order. Since this 
equal delay distribution of the clock signals is performed 
with high accuracy according to a master slice design, clock 
skew is reduced. 

20 As described above, circuit connection of logic circuits 

is different depending upon customer specifications, and a 
ratio of sequential circuits and the number of phases of clock 
signals required for the sequential circuits are also 
different . 

25 On the other hand, in the case in which the ratio of the 

sequential circuits of the logical circuit is small, in general, 
the conventional mater slice semiconductor integrated circuit 
can constitute the sequential circuits using a part of the 
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divided regions, which are hierarchically divided equally, 
and can connect the entire logic circuit. However, even in 
the other divided regions which do not constitute the 
sequential circuits, clock signals are sequentially 
5 distributed to the cells dedicated for sequential circuits . 
by the clock distribution circuit, the respective selectors 
operate, and clock wirings formed by dedicated fixed wirings 
repeat charge and discharge at a clock frequency. Since the 
clock frequency is a highest frequency, power consumption by 

10 charge and discharge of respective node of the clock 

distribution circuit is generally large. In addition, there 
is a problem in that the power consumption of the clock 
distribution circuit depends upon the master slice design, 
and is not proportional to a size of a the logic circuit of 

15 customer design and always takes a maximum value. 

Further, in the conventional master slice semiconductor 
integrated circuit, a circuit area in the part of the clock 
distribution circuit increases, exponentially with respect to 
not only an increase in the number of hierarchies of equal 

20 division but also an increase in the number of phases of clock 
signals which can be distributed. Practically, there is a 
problem in that the number of phases of clock signals cannot 
be increased so much, a range of application of the master 
slice semiconductor integrated circuit is small, and it is 

25 impossible to flexibly cope with an increase in the number 
of phases of clock signals due to a change in customer 
specifications or the like. 
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SUMMARY OF THE INVENTION 
Therefore, it is an object of the present invention to 
reduce power consumption and improve flexibility of a master 
slice semiconductor integrated circuit, 
5 Thus, the present invention provides a master slice 

semiconductor integrated circuit includes at least two wiring 
layers for wirings, and a plurality of clock buffers connected 
by clock wirings in the form of a clock tree having at least 
two cascaded stages to distribute clock signals to a plurality 

10 of sequential circuits, wherein the clock wiring among the 
clock buffers comprises a wiring layer switching portion which 
switches a wiring layer from a lower wiring layer of the at 
least two wiring layers to an upper wiring layer of the at 
least two wiring layers and then switches from the upper wiring 

15 layer to the lower wiring layer. 

Also, in one configuration example the master slice 
semiconductor integrated circuit in the present invention the 
clock buffers are selectors, and the selectors comprise a 
multiplexer which select and outputs a clock signal from a 

20 plurality of clock signals. 

Also, in one configuration example the master slice 
semiconductor integrated circuit in the present invention 
the wiring layer switching portion comprises an output wiring 
which is formed of the lower wiring layer and connects one 

25 end thereof to the clock output of the clock buffer of a former 
stage, 
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an output side via wiring which connects one end thereof to 
the other end of the output wiring and connects the other end 
thereof to the upper wiring layer, an input wiring which is 
formed of the lower wiring layer and connects one end thereof 
5 to the clock input of the clock buffer of a later stage, and 
an input side via wiring which connects one end thereof to 
the other end of the input wiring and connects the other end 
thereof to the upper wiring layer, and wherein the upper wiring 
layer is a wiring layer for customized wirings and said lower 
10 wiring layer is a wiring layer for fixed wirings. 

Also, in one configuration example the master slice 
semiconductor integrated circuit in the present invention 
further comprises a wiring which is formed of the upper wiring 
layer and connects the other end of the output side via wiring 
15 and the other end of the input side via wiring. 

Also, in one configuration example the master slice 
semiconductor integrated circuit in the present invention 
further comprises a wiring which is formed of the upper wiring 
layer and connects the other end of the input side via wiring 
20 and a fixed voltage source. 

Also, in one configuration example the master slice 
semiconductor integrated circuit in the present invention 
further comprises a wiring which is formed of the upper wiring 
layer and connects an output of a circuit other than the clock 
25 buffers and the other end of the input side via wiring. 

Also, in one configuration example the master slice 
semiconductor integrated circuit in the present invention 
further comprises a wiring which is formed of the upper wiring 



layer and connects an output of a circuit other than the clock 
buffers and the other end of the output side via wiring. 

Also, in one configuration example the master slice 
semiconductor integrated circuit in the present invention 
further comprises a wiring which has a dummy load capacity 
equivalent to a load capacity connected to the input side via 
wiring, and is formed of the upper wiring layer and connected 
to the other end of the output side via wiring. 

BRIEF DESCRIPTION OF THE DRAWINGS 
This above-mentioned and other objects, features and 
. advantages of this invention will become more apparent by 
reference to the 'following detailed description of the 
invention taken in con j unction with the accompanying drawings, 
wherein: 

Fig. 1 is an arrangement diagram showing an example of 
arrangement of a clock distribution circuit in a chip of a 
master slice semiconductor integrated circuit; 

Fig. 2 is a circuit diagram showing an example of the 
- clock distribution circuit in the master slice semiconductor 
integrated circuit of Fig. 1/ 

Fig. 3 is an arrangement diagram showing an example of 
arrangement of a clock distribution circuit in an embodiment 
of a master slice semiconductor integrated circuit chip of 
the present invention; 

Fig. 4 is a circuit diagram showing an example of the 
clock distribution circuit in the master slice semiconductor 
integrated circuit of Fig. 3; 
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Fig. 5 is a sectional view showing an example of a structure 
of wiring layer switching portions X21 to X24 and X301 to X316 
in the clock distribution circuit of Fig. 4 for one clock wiring; 

Figs. 6A to 6D are wiring diagrams showing examples of 
5 wiring of a customized wiring layer of the wiring layer 
switching portions X21 to X24 and X301 to X316 in the clock 
distribution circuit of. Fig. 4; and 

Fig. 7 is a circuit diagram showing an example of the 
clock distribution circuit using simple buffers which have 
10 a single clock input and a single clock output. 

DETAILED DESCRIPTION OF THE PREFERRED 'EMBODIMENTS 
Next, the present. invention will be described with 
reference to the accompanying drawings. Fig. 3 is an 

15 arrangement diagram showing an example of arrangement of a 
clock distribution diagram in an embodiment of a master slice 
semiconductor integrated circuit chip of the present invention . 
As in the conventional master slice semiconductor integrated 
circuit shown in Fig. 1, the master slice semiconductor 

20 integrated circuit of this embodiment includes a clock 

distribution circuit in an internal region where cells' 3' 
dedicated for combinational circuits and cells 2 dedicated 
for sequential circuits are arranged alternately by a unit 
of column and connected by wirings of a customized wiring layer 

25 on the basis of customer specifications. 

The clock distribution circuit in the master slice 
semiconductor integrated circuit of this embodiment, 
considering that an entire internal region is a highest order 
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divided region Al , hierarchically divides the internal region 
into four equally(A21 to A24, and A301 to A316) . Selector 
1, selectors 21 to 24, and selectors 301 to 316 are embedded 
and arranged in divided regions Al, A21 to A24, and A301 to 
A316 of three hierarchies from the highest order to the lowest 
order. In addition, output wirings of these selectors 1, 21 
to 24, and 301 to 316 are branched in a tree shape by wirings 
of a fixed wiring layer dedicated for a clock wiring in advance, 
and wiring layer switching portions X21 to X24 and X301 to 
X316 are provided in branched wirings, respectively; Clock 
signals CK1 to CK8 of eight phases of an external input are 
selectively distributed to the cells 2 dedicated for sequential 
circuits of the lowest order divided regions A301 to A316. 

Fig. 4 is a circuit diagram showing an example of the 
clock distribution circuit in the master slice semiconductor 
integrated circuit of this embodiment. The clock 
distribution circuit of the master slice semiconductor 
integrated circuit of this embodiment is different from the 
clock distribution circuit of the conventional master slice 
semiconductor integrated circuit shown in Fig. 1 only in that 
the wiring layer switching portions X21 to X24 and X301 to 
X316 are provided in clock wirings among these selectors 1, 
21 to 24, and 301 to 316, respectively. Selectors 1, 21 to 
24, and 301 to 316 are identical with selectors of the 
conventional master slice semiconductor integrated circuit 
shown in Fig. 1, respectively. Therefore, concerning the 
internal structure of the respective selectors 1, 21 to 24, 
and 301 to 316, duplicate explanation will be omitted, and 



- 13 - 



the wiring layer switching portions X21 to X24 and X301 to 
X316 will be described next. 

Fig . 5 is a sectional view showing an example of a structure 
of these wiring layer switching portions Xn (X21 to X24 and 
5 X301toX316) for one clock wiring . Referring to Fig . 5, these 
wiring layer switching portions X21 to X24 and X301 to X316 
include a fixed output wiring 6, an output side via wiring 
7, a fixed input wiring 8, and an input side via wiring 9, 
respectively. The fixed output wiring 6 is formed of a fixed 

10 wiring layer and connects one end thereof to a clock output 
of a selector of a former stage. The output side via' wiring 
7 connects one end thereof to the other end of the fixed output 
wiring 6 and connects the other end thereof to the customized 
wiring layer 10. In addition, the fixed input wiring 8 is 

15 formed of the fixed wiring layer and connects one end thereof 
to a clock input of a selector of a later stage. The input 
side via wiring 9 connects one end thereof to the other end 
of the fixed input wiring 8 and connects the other end thereof 
to the customized wiring layer 10. 

20 In addition, before a customized wiring process for 

forming wirings of the customized wiring layer, that is, in 
a state of a wafer for master slice, as shown in Fig. 5, the 
wiring layer switching portions X21 to X24 and X301 to X316 
connect the other ends of the output side via wiring 7 and 

25 the input side via wiring 9 to an entire film of the customized 
wiring layer 10 before customizing, respectively. Further, 
after the customized wiring process, these wiring layer 
switching portions X21 to X24 and X301 to X316 include wirings, 
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which are formed of the customized wiring layer 10 and 
customized on the basis of customer specification, 
respectively. 

Figs v 6A to 6D are wiring diagrams showing examples of 
5 wiring 101 of the customized wiring layer 10 of these wiring 
layer switching portions Xn (X21 to X24 and X301 to X316) for 
one clock wiring. Next, the respective examples of wiring 
will be described. 

First, after the customized wiring process, as shown in 

10 the example of wiring of Fig. 6A, these wiring layer switching 
portions Xn (X21 to X24 and X301 to X316) may include a wiring 
101 of the customized wiring layer 10 which connects the other 
end of the output side via wiring 7 and the input side, via 
wiring 9. In this case, an output clock of a selector 11 of 

15 a former stage is transmitted to a clock input of a selector 
12 of the next stage via the wiring layer switching portion 
Xn with the delay of the master slice design, and a clock signal 
of an external input is distributed with low clock skew as 
in the conventional master slice semiconductor integrated 

20 circuit. 

In addition, as shown in the example of wiring of Fig. 
6B, these wiring layer switching portions X21 to X24 and X301 
to X316 may include a wiring 101 of the customized wiring layer 
which, connects the other end of the input side via wiring 8 
25 and the ground. In this case, a clock input of a selector 
12 of the next stage is fixed to a fixed voltage of a power 
supply or the ground. Consequently, in selectors of the next 
. stage and subsequent stages, a load of each node is not charged 
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or discharged, and power consumption is cut. A clock signal 
can be distributed to only divided regions which require 
connection of . a sequential circuit on the basis of customer 
specifications. Thus, power consumption of the clock 
5 distribution circuit and the master slice semiconductor 
integrated circuit can be reduced. 

. In addition, as shown in the example of wiring of Fig. 
6C, these wiring layer switching portions Xn (X21 to X24 and 
X301 to X316) may include a wiring 101 of the customized wiring 

10 layer 10 which connects an output of a customer circuit 13 
configured by the wiring of the customized wiring layer 10 
and the other end of the input side via wiring 8. In this 
case, the customer circuit 13 can generate a clock signal and 
adjust delay on the basis of customer specifications to 

15 transmit the'clock signal*to a clock input of a selector 12 
of the next stage. Consequently, it is possible to flexibly 
cope with an increase in the number of phases of a clock signal 
due to a change in customer specifications or the like. In 
addition, even in the case in which the number of a clock signal 

20 of customer specification exceeds the number of phases of the 
master slice design, it is possible to flexibly cope with this 
problem. 

In addition, in the examples of wiring of Figs. 6B and 
6C, if an output of a selector 11 of a former stage is used 
25 in another selector of a later stage, these wiring layer 
switching portions Xn (X21 to X24 and X301 to X316) may include 
a wiring (not shown) of the customized wiring layer which has 
a dummy load capacity equivalent to a load capacity connected 
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to the input side via wiring and is connected to. the other 
end of the output side via wiring. Consequently, a load 
capacity of an output wiring 6 of the selector 11 of the former 
stage is compensated to the value of the master slice design. 
5 A clock signal is distributed to cells 2 dedicated for 
sequential circuits of a divided region corresponding to 
another selector of the later stage at an equal delay according 
to the master slice design. 

Further, as shown in the example of wiring of Fig. 6D, 

10 these wiring layer switching portions Xn (X21 to X24 and X301 
to X316) may include a wiring 101 of the customized wiring 
layer 10 which connects an input of a customer circuit 13 
configured by the wiring of the customized wiring layer 10 
and the other end of the output side via wiring 7. In this 

15 case, the customer circuit 13 can input an output of a selector 
11 of a former stage to carry out various functions on the 
basis of customer specifications. For example, the customer 
circuit 13 can input a clock signal of an earlier phase from 
the middle stage of the clock distribution circuit. The 

20 customer circuit 13 may adjust delay of the clock signal after 
processing the clock signal according to another control signal , 
and generate a clock signal peculiar to the customer 
specifications with low clock skew. Consequently, it is 
possible to flexibly cope with a logic circuit of the customer 

25 specifications. 

Note that it is explained above that, in the master slice 
semiconductor integrated circuit of the above-described 
embodiment, as in the conventional master slice semiconductor 
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integrated circuit shown in Fig. 1, cells dedicated for 
combinational circuits 3 and cells dedicated for sequential 
circuits 2 are arranged alternately by a unit of column. 
However, the present invention is not limited to this 
5 constitution . It would be evident that a modification in which 
the cells dedicated for combinational circuits 3 and the cells 
dedicated for sequential circuits 2 are simply arranged at 
a fixed ratio in advance is also possible, and the same effects 
can be realized by the modification. 

10 In addition, it is explained above that, in the master 

slice semiconductor integrated circuit of the above-described 
embodiment, as in the conventional master slice semiconductor 
integrated circuit shown in Fig. 1, an internal region is 
hierarchically divided equally, selectors are embedded and 

15 arranged in respective divided regions from a highest order 
region to a lowest order region, and output wirings thereof 
are branched in a tree shape by a wiring of a dedicated fixed 
wiring layer, respectively. However, the present invention 
.is not limited to this constitution. Various modifications 

20 using a gate instead of a selector are possible. 

For example, as a most simple modification, there is one 
which uses a simple buffer which has a single clock input and 
a single clock output instead of a selector . Fig . 7 is a circuit 
diagram showing an example of the clock distribution circuit 

25 using simple buffers which have a single clock input and a 
single clock output. Amaster slice semiconductor integrated 
circuit of this modification including a clock distribution 
circuit in which an internal region, which has cells dedicated 
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for combination circuits and cells dedicated for sequential 
circuits arranged at a fixed ratio and is connected by wirings 
of a customized wiring layer on the basis of customer 
specifications, is hierarchically divided equally to embed 
5 and arrange buff ers Bl, BIO, and B100 in respective divided 
regions from a highest order region to a lowest order region, 
and output wirings thereof are branched in a tree shape by 
wirings of a dedicated fixed wiring layer to distribute a clock 
signal to the cells dedicated for sequential circuits of the 

10 divided region of the lowest order . In addition, clockwirings 
among the buffers of this clock distribution circuit include 
a wiring layer switching portion (Xn, and Xn' ) which switches 
a wiring layer from the fixed wiring layer to the customized 
wiring layer and then switches the wiring layer from the 

15 customized wiring layer to the fixed wiring layer. 

In the master slice semiconductor integrated circuit of 
this modification, the examples of wirings of the customized 
wiring layers of the wiring layer switching portions X21 to 
X24 and X301 to X316 shown in Figs. 6A to 6D can be applied 

20 as a wiring layer switching portion (Xn, and Xn' ) . 

Consequently, the master slice semiconductor integrated 
circuit can cope with not only a clock signal of a, single phase 
according to the master slice design but also multiphase clock 
signals . Thus it would be clear that the same effects as those 

25 in the master slice semiconductor integrated circuit of the 
embodiment can be realized. v 

As described above, the master slice semiconductor 
integrated circuit according to the present invention includes 
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wiring layer switching portions in clock wirings among 
selectors or buffers of a clock' distribution circuit. By 
wirings of a customized wiring layer of the wiring layer 
switching portions, as in the conventional design, a clock 
5 signal of an external input is distributed with low clock skew, 
and power consumption of the master slice semiconductor 
integrated circuit is reduced in association with customer 
specifications. Thus, for example, there is an effect that 
it is possible to flexibly cope with the customer 
10 specifications or a change in the customer specifications. 



